The strong coupling constant is an important parameter which can help us to understand the strong decay behaviors of baryons. In our previous work, we have analyzed strong vertices Σ * 
Introduction
In the past 20 years, we have witnessed the baryon spectrum been established step by step with the cooperative efforts from both experimentalists and theorists. Up to now, about 20 charmed baryon candidates have been discovered by different experimental collaborations [1] . Besides, many bottom baryons, e.g. Λ b , Ξ b , Σ b , Σ * b , and Ω b , have also been announced by CDF and LHCb collaborations [2] [3] [4] [5] . In 2017, LHCb Collaboration reported the observation of the doubly charmed baryon Ξ ++ cc in the Λ + c K − π + π + mass spectrum [6] , which has became a new motivation for researchers to devote themselves to studying the properties of these heavy baryons.
These charmed and bottom baryons, which contain at least a heavy quark, provide a unique system for testing models of quantum chromodynamics (QCD), the theory that describes the strong interaction. In other words, these special baryons can be looked as a particular laboratory for studying dynamics between light quarks and heavy ones, and also as an excellent ground for testing validity of the quark model and heavy quark symmetry. The properties of these baryons such as the mass spectrum, the magnetic moments, the strong, electromagnetic and weak decay behaviors have been studied with a variety of theoretical models [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . As an important parameter, the strong coupling constant can not only help us to know about the strong decay behaviors of baryons but also play * Electronic address: yuguoliang2011@163.com † Electronic address: zgwang@aliyun.com an essential role for understanding its inner structure. Thus, people calculated some of the strong [19, 20, [24] [25] [26] [27] [28] [29] .
To calculate the strong coupling constant, we can adopt several theoretical models including perturbative and non-perturbative methods. The QCD sum rules, proposed by Shifman, Vainshtein, and Zakharov [30] , connects hadron properties and QCD parameters [31] . It has been widely used to study the properties of the hadrons [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] . In our previous work, we have analyzed the strong vertices 
where
, and T is the time ordered product. Currents are composite operators made of quark and gluon fields that can create the studied hadrons from vacuum. It has the same quantum numbers with these hadrons [32, 49] . In this paper, the interpolating currents are written as,
In QCD sum rule framework, there is a region of p where correlation function can be equivalently described at both hadron and quark sector. The former is called the phenomenological side and the latter is called QCD or operator product expansion(OPE) side. Matching these two sides of the sum rule, we can obtain information about hadron properties. 
The phenomenological side
Here, ellipsis denotes the contributions from higher resonances and continuum states. We substitute the matrix elements appearing in Eq.(3) with the following parameterized equations,
In the hadron degrees of freedom, the correlation function Π α (p, p ′ , q) is finally decomposed into the following different dirac structures,
If all criteria of the QCD sum rules are satisfied, each dirac structure in Eq. (5) can be used to carry out the calculation. It is true that people indeed had different choice about this problem in the similar work [19, 50, 51] . And these researches indicated that different Dirac structures can really lead to compatible results. For simplicity, we choose q /p /γ α and q /p /p α Dirac structures to perform our analysis.
The OPE side
Considering all possible contractions of the quark fields with Wick's theorem, we write the correla-tion function as follows,
Here, S q[Q] stands for up-and down-quark, or charm-and bottom-quark propagators which will be replaced by the following propagators [47, 48] .
After a lengthy derivation, which need us to carry out the process of Fourier transformation, Feynman parametrization etc, we can obtain the same Dirac structures as the phenomenological side in Eq.(5).
One can consult reference [27] for technical details of these processes. For each Dirac structure, the correlation function can be decomposed into two parts, perturbative term and non-perturbative term,
where the latter is composed of condensate terms, and i stands for different Dirac structure. Using dispersion relation, the correlation function for a special Dirac structure can be written as,
Here, ρ
is spectral density which is obtained from the imaginary part of correlation function. During these derivations, we set s = p 2 , u = p ′2 and q = p − p ′ in the spectral densities. For dirac structures q /p /γ α and q /p /p α , its perturbative term are written as,
and Θ stands for a unit-step function. Considering these limits, the integral limit for parameter y can be explicitly expressed as 0 ≤ y ≤ min 1 − x, y 1 , where
For non-perturbative terms, its spectral densities are written as,
where δ stands for Delta function.
The results and discussions
To calculate strong form factor, we match Eq.(10) with the hadronic representation Eq.(5), invoking the quark-hadron duality. After that, we make the change of variables 
In order to eliminate the contributions from excited and continuum states at OPE side, two continuum threshold parameters, s 0 and u 0 , are adopted as the upper limits of integrals in Eqs. (15) and (16 As for the other parameters in Eqs. (15) and (16), e.g. the masses of the hadrons and the quarks, the decay constants, the vacuum condensates, their values are all listed in Table 1 .
Physical properties extracted from sum rules must be independent of Borel parameters M comparing with contributions of higher and continuum states. Meanwhile, we should also ensure OPE convergence and the stability of our results. After a comprehensive consideration, the continuum threshold parameters are chosen to be u 0 = 2.07GeV 2 and s 0 = 8. and B * are off-shell. In order to obtain strong coupling constants, we must extrapolate these results into deep time-like region. This extrapolation to deep time-like region is mode-dependent, thus there are no specific expressions for the dependence of the strong form factors on Q 2 . Our analysis indicates that this dependence can be appropriately fitted into the following exponential function,
The fitted results for parameters A and B in this equation are listed in Table II . In Figs.9-12, we also 
The errors appearing in these above results come from the uncertainties of the fitting parameters δA and δB which are also listed in Table II . Besides, uncertainties of results coming from input parameters can theoretically be estimated with uncertainty transfer formula δ = Σ i ( In this paper, we perform a systematic analysis on strong vertices Σ c N D * and Σ b N B * with QCD sum rules. We firstly calculate strong form factors in space-like regions(q 2 < 0). Then, the form factors are fitted into analytical functions which are used to extrapolate into time-like regions(q 2 > 0)
to obtain strong coupling constants. These results will be valuable for studying the strong decay behavior of the charmed and bottom baryons in the future.
